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SYSTEM AND METHOD FOR MEASUREMENT OF LOCAL LUNG FUNCTION 

USING ELECTRON BEAM CT 



CROSS REFERENCE TO 
RELATED APPLICATIONS 

This is a non-provisional utility patent application claiming priority to provisional 
application number 60/425,858 filed on November 12, 2002. 

BACKGROUND OF THE INVENTION 

[01] The present invention generally relates to imaging with an Electron Beam 
Tomography (EBT) scanner. In particular, the present invention relates to measuring 
local lung function using an EBT scanner. 

[021 Medical diagnostic imaging systems encompass a variety of imaging modalities, 
Lh as x-ray systems, computerized tomography (CT) systems, ultrasound systems, 
electron beam tomography (EBT) systems, magnetic resonance (MR) systems, and the 
like. Medical diagnostic imaging systems generate images of a subject, such as a patient, 
for example, through exposure to an energy source, such as x-rays passing through a 
patient. Tlie generated images may be used for many purposes. For instance, internal 
defects in a subject may be detected. Additionally, changes in internal structure or 
aligmnent may be determined. Fluid flow within a subject may also be represented. 
Furthermore, the image may show the presence or absence of components in a subject. 
The information gained ftom medical diagnostic imaging has applications in many fields, 
including medicine and manufacturing. 

[03] EBT scamiers are generally described in U.S. Pat. No. 4,352,021 to Boyd, et al. 
(Sep. 28. 1982), and U.S. Pat. No. 4,521,900 (Jun. 4, 1985), U.S. Pat. No. 4,521,901 (Jan. 
4, 1985), U.S. Pat. No. 4,625,150 (Nov. 25, 1986), U.S. Pat. No. 4,644,168 (Feb. 17, 

1 



1987). U.S. Pat. No. 5,193,105 (Mar. 9, 1993), U.S. Pat. No. 5,289,519 (Feb. 22, 1994), 
U.S. Pat. No. 5,719.914 (Feb. 17, 1998) and U.S. Pat. No. 6,208,711 all to Rand, et al., 
and U.S. Pat. No. 5,406.479 to Harman (April 11, 1995). The above listed patents are 
referred to and incorporated herein by reference in their entireties. 
[041 As described in the above-referenced patents, an electron beam is produced by an 
electron source at the upstream end of an evacuated, generally conical shaped housing 
chamber. A large negative potential (e.g. -130 kV or -140 kV) on a cathode of the 
electron source accelerates the electron beam downstream along an axis of the housmg 
chamber. Further downstream, a beam optical system that includes solenoid, quadrupole, 
and deflection coils focus and deflect the beam to scan along an x-ray producing target. 
EBT systems utilize a high-energy beam of electrons to strike the target and produce x- 
rays for irradiating an object to be imaged. The point where the electrons strike the target 
is called the "beam spot". The final beam spot at the target is shaped as an ellipse and 
must be suitably sharp and free of aberrations so as not to degrade definition in the image 
rendered by flie scarmer. 

[05] The x-rays produced by the target penetrate a patient or other object and are 
detected by an array of detectors. The detector array, like the target, is coaxial with and 
defines a plane orthogonal to the seamier axis of symmetry. The output from the detector 
array is digitized, stored, and computer processed to produce a reconstructed x-ray image 
of a slice of the object, typically an image of a patient's anatomy such as the heart or 
lungs. 

[06] An EBT scanner allows for the collection of many angles of view and scamiing of 
a number of slices in a short time. There is no mechanically moving gantry. Both high 
resolution and dynamic scamiing modes may be provided while eliminating the need for 
any target or detector motion by replacing conventional x-ray tubes with electron beam 
technology. 

[07] Multiple views may be generated by magnetically steering a focused electron 
beam along a 210-degree target ring positioned beneath a subject. Opposite the target 
ring is a stationary detector ring of cadmium tungstate crystals encompassing a 216- 
degree arc above the subject. Photodiodes in the detector ring are used for recording 
transmitted x-ray intensity. X-ray intensity data may be processed to produce an image. 
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[081 One important fonction of medical diagnostic imaging is measurement of lung 
fonction and lung capacity. Lung measurements may be used to diagnose diseases and 
other problems associated with a patienf s lungs or lung function. Lung informaUon may 
be used to diagnose and treat such conditions as emphysema. 

109] Typically, a spirometer or other device that measures air flow rate is used to 
obtain lung function measurements. A patient takes a deep breath in and rapidly expels 
the air or exhales. The spirometer measures a change m air volume in the lung over time. 
Unfortunately, using a spirometer in this manner measures function only for the entire 
lung Additionally, measurement using a spirometer is a coarse measurement and does 
not allow detection of fine changes in lung function, such as early onset of disease. Thus, 
a system allowing early detection of disease in the lung would be highly desirable. 
Furthermore, a system that allows measurement of a portion of a lung, rather than the 
entire lung, would also be highly desirable. 

110] A spirometer measures lung function while a patient inhales and then exhales 
rapidly, typically over a period of 1-2 seconds. THat is, a spirometer measures a volume 
of air that a patient inhales or exhales as a function of time. A spirometer may also 
measure a flow or rate at which the volume is changing as a fonction of tmie. 
Measurements are currently obtained for an entire lung. However, no good xmagmg 
method currently exists to scan this rapid change in lung volume along with the 
spirometer. Conventional CT imaging systems are not fast enough to take images of local 
lung function. Prior art systems attempted to obtain EBT images every 500ms with a 
100ms scan time. Since the length of a lung inhalation-exhalation maneuver is only 
approximately two seconds, use of 500ms results in sampling of a patient's lungs that is 
too coarse (low level of detail) to diagnose developing disease or other condition m the 
lung. Alternatively, the prior art employs a scan every 116ms, which results in excessive 
radiation exposure dosage, particularly for children, teenagers, and young adults. Tlius, a 
system that may scan quickly enough to obtain images of local lung function would be 
highly desirable. 



BRIEF SUMMARY OF THE INVENTION 
1,1, Cemin embodiment include a method ^ system for measuring and imaging 
local lung function. The method includes triggering an image scan of at least a lung 
cross-section of a patient, scanning the lung cross-section during at least one of an 
inspiration and an expiration of air by the patient to obtain hmg image data and extracting 
ftom such images a lung function during a. least one of an inspiration and an expiratron of 
air by the patient to obtain lung Smction data. The method may also include perfcrmmg a 
preview scan of the patient to identify the lung cr«s-section for imaging. Addrtionally, 
the lung image data and lung function data may be combined for use in diagnosis of the 
patient Tlre lung image data and lung function data may also be output. The method may 
fcrtirer include processtag tire lung toction data «, generate a plot of lung anenuation 
versus time. The method may use the entire lung cross section and/or local lung regrons 
(e.g., various lobes of the lung). 

1,21 to a certain embodiment, fte tiiggering step tacludes triggering tire image scan 
based on air flow m the patient's lung. Ibe scamring step may dynamically obtam the 
lung image data as at least one of air flow mi air capacity in the lung are changmg. 
Alternatively, the seeing step may obtam the lung image data with a. least one of arr 

flow and air capacity in the lung held constant. In a cenam emno>.uuc„^ u.. . = 

step obtains lung image data during a sw^ of a. least 33ms. In an alternative 
embodiment, the scanning step obtains lung image data during a sweep of at most 50ms. 
1,3, Tire system includes a Bigger for tiiggering an imaging scan of the patient, an 
energy source tor generating an electron beam to sttike a target, and a target for 
producing relation in response to tire election beam. The radiation irradiates at least a 
portion of tire lung of the patient. The system also includes a detector for receivmg the 
radiation after tire relation irradiates tt« lung of tire patient during tire imaging scan, a 
data acquisition system for obtaimng lung image data 6om ti» detector based on tire 
radiation, a rcconstiuction system for calculating cross sectional images ftom the mmge 
data, and an image manipulation system for combining tire lung fimction data and to 
lung image data for use in diagnosis of the patient. Additionally, tire system may mclude 
a spirometer for measuring fimction of a lung of a patient. The spirometer generates lung 



taction dau. on a, l«s. on. of air flow and votae in said lung. The system may 
ato, include an ou4>ut for a. least one of disptaying, printing, and storing the lung 
taction dau and the tag image data. * system may also transfer the lung taction 
data and the tag image data to a workstation for further piocessmg. 
1141 In a certain embodtment, fte imaging scan is performed in an imaging sweep of at 
least 33ms In another embodiment the imaging scan is performed m an imagmg sweep 
of at most SOms. Ue reconstruction system may process the tag fcnction data to 
generate a plot of lung atienuation versus tae. The trigger may ttigger the imaging scan 
based on the tag taction data from dte spirometer. Tlte trigger may also mgger a 
preview scan of flte patient to identify the portion of the lung for imaging scan. In a 
certain embodinen., the data acquisition system dynamically obtains the tag image data 
as at least one of air flow and air capacity in dte tag are changing. Alternatively, the 
data acquisition system may obuin the lung image data with at least one of a. flow and 
air capacity in the lung held constant. 

,151 certain embodiments include a method for detecting lung abnormaUties in a 
patient The meftod includes obtaining tag taction data based on at least one of att 
flow and air volume in a lung, tiiggering a scan of tite tag based o. the lung flmCon 
scannin. a cross-section of the lung to obtain a lung image in a single sweep, and 
examitag the lung taction data in conjunction witt. the lung cross-section mtage to 
detect abnormalities in the lung. 
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 
(161 Figure 1 illustrates an EBT imaging system that is used in accordance with an 
embodiment of the present invention. 

[17] Figure 2 illustrates a side view of an EBT imaging system, including an electron 
beam and x-ray emission path in accordance with an embodiment of the present 
invention. 

[18] Figure 3 illustrates a logical block diagram of an EBT imaging system in 
accordance with an embodiment of the present invention. 

[19] Figure 4 shows a flow diagram for a method for lung function measurement and 
localized lung imaging in accordance with an embodiment of the present invention. 
[20] The foregoing summary, as well as the following detailed description of certain 
embodiments of the present invention, will be better understood when read in conjunction 
with the appended drawings. For the purpose of illustrating the invention, there ts shown 
in the drawings, certain embodiments. It should be understood, however, that the present 
invention is not Ihnited to the arrangements and instrumentality shown in the attached 
drawings. 
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DETAILED DESCRIPTION OF THE INVENTION 
[21] For the purpose of illustration only, the following detailed description references 
certain embodiments of an Electron Beam Tomography (EBT) imaging system. It is 
understood that the present invention may be used with imaging systems other than EBT 
imaging systems. 

[22] Before describing certain embodiments of the present invention, it is helpful to 
understand the operation of an EBT imaging system. Figure 1 and Figure 2 illustrate an 
imaging system 8 formed according to an embodiment of the present invention. As 
shown in Figure 2, system 8 includes a vacuum chamber housing 10 in which an electron 
beam 12 is generated at a cathode of an electron source 32 located in an upstream region 
34 in response to a voltage, such as -140 kV. The electron beam 12 is then controlled by 
an optical system 38, including a magnetic lens 39 and a deflection coil 42, to scan at 
least one semi-circular target 14 located within a front lower portion 16 of the chamber 
housing 10, 

[23] When scamied by the focused electron beam 12, the target 14 emits a moving fan- 
like beam of x-rays 18. X-rays 18 then pass through a region of a subject 20 (a patient or 
other object, for example) and register upon a detector array 22 located diametrically 
opposite the target 14. Detector data is output to a processor or computer subsystem 24 
that processes and records the data, producing an image of a slice of the subject on a 
video monitor 26. The computer subsystem 24 also controls the system 8 and electron 
beam production therein. 

[24] The beam optical system 38 is mounted within the chamber housing 10 and 
includes the magnetic lens 39, deflecting coils and quadrupole coils (collectively coils 
42) and an electrode assembly 44. The lens 39 and coils 42 contiibute a focusing effect 
to help shape a final beam spot into an elliptical shape as the electiron beam scans one of 
the targets 14. 

[25] nie electrode assembly 44 is mounted within the chamber housing 10 between the 
electron source 32 and the beam optical assembly 38 such that the electron beam 12 
passes axially tiirough the assembly 44 along the z-axis 28. The z-axis 28 is coaxial with 
the electron beam 12 upstream from the beam optics assembly 38 within tiie chamber 
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housing 10. Th= z-axis 28 ato may represent the longitudinal axis of the chamber 
housing 10 and the axis of symmetry fcr the electrode assembly 44 and the beam optrcs 
assembly 38 in accordance with an embodiment of the present invention. In another 
embodiment, the axis of the beam optics assembly 38 is angled with respect ,0 the 
longinrdinal axis of the chamber. The z-axis 28 is also typically the scamnng axts 
through the subject 20 being scamred. However, in an embodiment, a surftce on wh,ch 
the subject 20 is positioned may be tilted and slewed, maMng the z-axis 28 and the axrs of 
the subject 20 not coincident. 

,2«, To scan the subject 20, an x-ray fan beam 18 is rotated in the x-y plane through 
vadous positions or fan view angles. The center of the fan beam 18 is rotated through 
210 degrees and is detected by an arc of detector elements, such as cadmium-tungstate 
crystal detector elements or other detector material, in the detector array 22. In an 
embodiment, each detector ring in the detector array 22 may include 1728 cadm.um- 
umgstate crystal detector elements, for example. In an embodiment, the detector array 22 
may include multiple coaxial rings with a varying number of detector elements and 
detector material. The 6n beam 18 passes Wgh the subject 20 within a reconstructron 
circle and impinges upon the detector array 22. Data samples obtained by a detector 
element in the detector array 22 over a single scan of the subject 20 co««i.ute a detector 
fan By way of example, the detector fan may hKlude 864 data points or sa.uples for a 
50ms scan. Each sample represents an x-ray path from the target 14 to a detector element 
that is attenuated by the subject 20. All data samples (all x-my paths) collected over a 
scan torn aU detector elements (all detector fans) constitute a &n view smogram. 
1271 Figure 3 illustrates a logical block diagram of an EBT imaging system 300 in 
accordance with an embodiment of the present invention. The system 300 includes an 
operator console 310, a beam control sys,™ 320. an ECO digitizer 322, a high voltage 
generator 324, an x-ray collimation system 326, a target ring 330. a detector nng 340, a 
patient positioner 350, a positioner control system 355. a data acquisition system (DAS) 
360 an image reconstruction module 362. an image display and manipulation system 
364' and a spirometer 370 (not picmred). The system 300 may also include an ext^nal 
workstation (not pictured) for manipulation and processing of image data. The 
workstation may derive functional curves ftom the image data. 
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m m opcraw console 310. ECG aigWzer 322, high voltage generator 324. arrd 
oLer control systen, 355 — Icate with the hea™ control systen, 320 to generate 

and control an electron beam. The beam control system 320 con,mun.ca.es w,th fl> 

positioner control systen, 355 ,0 control tl« patient posihoner 350. The hean, contro 
ysten, 320 cause, the electron beam to sweep over the targe, ring 330. A sweep may be 

a single traversal of «,e targetring 330. Hre detector ring 340 receives radia«on such as 
x-ray rad,atio„. for example, fton, «,e targe, ring 330. Ue DAS 360 reives data fton, 
the detector ring 340. The DAS 360 transmits daU to Are image reconsBucnon module 
362 The .mage reconst™ction module 362 transmits images to the image dtsplay and 
manipulation system 364. T.e components o,*e system 30O may be separa« unr^. may 
heintegrated in various forms, andmay be implemenledinhardw^and/ormsoftware. 

,29, TTre operator console 310 select a mode of operation for the system 300. Tlte 
operator console 3.0 may also input parameters or configuration informatton. for 
e ample, for *e sys.em 300. The operator console 3,0 may set parameters such as 
triggering, scan type, ele^n beam sweep speed, and patien. positioner 350 posrtion (for . 
exiple horizontal, vertical, tilt, and/or slew). At, operator may input .nformation mto 
the system 300 using tire operator console 310. Alt»natively, a P'"^ 
au.ma.ic procedure may be us^ to initiate operations at the operator console 3^^ ^ 
operator console 310 may also control operations and chara««.,ucs o. ... - 
during a procedure. 

,30, Based on operator input, tire operator con^le 310 transmits operating information 
Lh as scanntag mode, scanning contiguration information, and sy stem o 
„e beam control sy^ 320. In an embodiment, tire ECG dtgttizer 322 — 
electiocardiogram trigger signals to the beam contro. syst™ 320 to asstst m trmmg o 
electron beam sweep and patient positioner 350 motion. An eleotrocard.ogram (ECG) rs 
a tracing of variations in .lexical potential of a hear, caused by excretion of heart 
muscle At, ECO includes waves of deflection resulting ftom atrial and ventircular 
activity changing with charge and voltage over time. A P-wave is deflection due o 
acnviiyc s 6 r. „d S-waves of deflection due to 

excitation of atria. A QRS complex mcludes Q-, R . and S wav 
excitation and depolarization of ventiicles. A„ R-wave is an initial upward defl^on of 
.he QRS complex. A T-wave is deflection due » repolarization of the ventitdes. TTe 



ECG digitizer 322 transmits ECG triggers based on one or more types of waves (such as 
the R-wave) to fte beam control system 320 to assist in controlling the electron beam and 
imaging sweeps. 

[311 The system 300 may be configured to begin and end an imaging sweep based on 
the ECG triggers. Th. trigger points from the ECG data may be preprogrammed m the 
beam control system 320 and/or set by the operator console 310. Additionally, a scan 
„.ay be manually triggered by the operator console 310 (by a push of a button, for 
example). 

1321 Data from the spirometer 370 or other measuring device may trigger a scan. The 
spirometer 370 is used to measure flow rates of a medium such as air. The spirometer 
370 includes electronics to measure flow. The flow data may be converted (by software, 
for example) into a trigger that starts a scan. « is, a trigger may be created from a 
threshold set on air flow or air volume, for example. An external processor or a processor 
internal to the system 300 may process information from the spirometer 370 to produce a 
trigger. 

[331 Alternatively, any system or method detecting movement or change in a patient's 
chest may be used to trigger a scan. For example, light reflected from a mirror on the 

, . f change in the chest, and/or a pneumatic beU around the 

ones I, a uicaoux*^ vi. — — ^ 

chest may serve as a trigger. A user command may also trigger a scanning sequence 
concurrently with instructions to the patient to begin a breathing maneuver. 
[341 A typical lung examination involves a forced expiratory maneuver (rapidly 
exhaling ak in the lungs) by the patient. V.. patient takes a deep breath, and the 
spirometer 370 measures the flow. When the patient rapidly releases his or her breath, 
the change in flow measured by the spirometer 370 starts the scan. TTie spirometer 370 
trigger may be used in parallel with an ECG trigger or other trigger, such as a button 
trigger on the operator console 310. Scanning begins a few milliseconds, for example, 
after a frigger and samples regularly thereafter. For example, a scan may be a 50ms scan 
occurring every 100ms during a first second, every 200ms during a second second, and 
once every 500ms for seconds 3-6. If a shape of an overall volume-time curve 
demonstrates a slower rise, then the sampling ever 100ms may be set to continue longer, 
for example. 
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,351 For =™.p.=. a pr«~i.ive switch ™ay be co^eCed be»e» *e 
spi.me.er 370 and *e EBT bea. oonBo. sys^ 320 and/or fl,e ""^ 
Expirato of air by patient produ«a a pressure change fta. ttiggers both EBT 300 
scanning and spirometer 370 n.=as.e«en. of a lung or lung segment Ue lung .mage 
and lung hnction data may «,en be combined by Are image reconstmction module 362 
and/or the image display and manipulation system 364. 

M By way of example only, high temporal resolution 50ms or 30ms sweeps may be 
used to obtain a finer level of detail regarding lung material and lung functioa Thus, 
onset of diseases such as emphysema may be detected earlier without significant mcrease 
in radiation exposure to the patient. Higher temporal resolution also reduces motion 
artifects appearing in tire image. Certam embodiments provide arbittary timing betiveen 
sweeps to optimize sampling frequency between radiation dosage considerations and 
characterization of lung fimction and lung composition measurements. 
,371 The high voltage genera«« 324 may be used by the beam conttol system 320 io 
produce an election beam. Tl,e high voltage general 324 may be a Universal Voltionics 
or Spellman power supply witi, a power-on time of 80 or 130 millisecot^s. for example. 
,381 The election beam is focused and angled towards the titrget ring 330. The 

. ....„.k.,™r,trin,330. When flie election beam tats tiie target 

electron oeam is swept uvwx «xw — © 

ring 330, flte target ring 330 emits a fan beam of radiation, such as x-rays, for example. 
TT,e target ring 330 may be m^ ottimgsten or otirer meUl. for example. The target nng 
330 may be shaped in an arc. such as in a 210.degree «c. Each 210-degree sweep of *e 
electron beam over ti,e targe, ring 330 produces a 6n beam, such as a 30-degree fen 
beam, of electixms fijjm tiie target ring 330. 

1391 The x-rays emitted from the targe, ring 330 pass Unough a subject, such as a 
patient, for example. ti,at is located on the patient positioner 350. TTe x-rays to 
imping, upon the dete«or ring 340. The detector ring 340 may include one, tivo or more 
rows of detectors ti«t generate signals in response to the impinging x-rays. The signals 
transmitied ftom ftc detector ring 340 to tite DAS 360 where the signals are acquired 
and processed. 

,401 Dati, from a,e de«ctor ring 340 signals may titen be sen, fiom tire DAS 360 to tite 
image reconstiuction module 362. The hnage reconsttuction module 362 processes the 



aa«»con.»C««eormo.,™ges. The image or images »ay be ...ionary ™age(s), 
„„Ho. in^g^s). »r a combination of sUionary and modon (cine) images. The .rnage 
reconsTuotton module 362 may employ a plurali^ of reconsttuction processes, such as 
bacl^jectio., for»ard projecdon. Fourier analysis, and ofl-er reconsWcHon meftods, 
for example. The image(s) are tten — «ed «. the image dispUy and man,pula.,on 
system 364 for adjustment, storage, and/or display. 

,4,1 The image display and manipulation system 364 may eliminate artifacts ftom the 
in»ge(s) and/or may also modify or alt. the image(s) based on input from 4e operate 
console 310 or other image requirements, for example. Tl,e ,mage drsplay and 
^nipulaHon system 364 may store the image(s) in intenul or external mem^. for 
^cample, and may also display the image(s) on a television, monitor, flat panel d-splay. 
LCD screen, or other display, for example. The image display and mampulation system 
364 ma, also print the image(s;. In an embodiment, the manipulation system 364 may be 
tacorporated with the operator console 310. In another embodiment, the mampu a„on 
system 364 may be a separate wortetation sharing storage «i.h the operator console 310 
and/or networked to the operator console 310. 

,42, Tie patient positioner 350 allows a subject, such as a patient, for example, to be 
L.„„. l^tween *e targe, ring 330 and the detector ring 340. Tl« patient posmoner 
350m^Ua.able.atablebucky,aver«calbucky,asuppor.. or other posidoningdev,^^ 

for example. V. patient poddoner 350 positions the object between the target nng 330 
and the detect, ring 340 such that x-rays emitted ftom the target ring 330 after the swe^ 

of electron beam pass through the object on the way to the detector nng MO. T^us 

ft. detector ring 340 receives x-rays that have passed d^ugh the object. The padent 
positioner350 may bemoved insteps or discr^e distances. Thatis, me padentposmoner 

'somovesacertain distance and ,henstop.Thenthepade„tpositioner350 moves agam 
and stops. The stop-^rd-go motion of the padent posidoner 350 may be r^eated for a 
desired number of r^ddons, a desired dme. and/or a desired distance for «.ample. 
Altemadvely, the padent posidoner 350 may be moved continuously for a desned «me. 
desired number of electron beam sweeps of fte target ring 330, and/or a des,red drstance 
for example, or the paten, positioner 350 may no. move. In an embodhnent, tM padem 
posidoner 350 is held still during each scanning maneuver aM may be moved to another 
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location for the next maneuver. In another enibodiment, the patient positioner 350 may 
xnove to allow the system 300 to follow patient lung motion as the patient goes through a 
lung function maneuver. 

143] In certain embodiments, static and/or dynamic lung measurements may be 
obtained. Dynamic local lung function may be measured, for example, by measunng the 
attenuation, or decreasing density, of lung material in a local or selected region of the 
lung Patients with diseases such as emphysema may hold air in their lungs long., than 
healthy people hold air in their lungs. Holding air in the lungs longer than normal is 
referred to as air trapping. As a result of air trapping, attenuation of lung material as a 
patient exhales does not increase as rapidly as is typically observed. TH.i is, the more an 
that is in the lung, the lower the attenuation is. Using lung measurements, vanous forms 

of histogram characterization may be performed in local regions of the lung. 

Additionally, data regarding a portion of the lung may be extracted usmg a form of 

contour finding. Change of lung area or change of volume in the lung may also be used 

to measure local lung function. 

,441 Static measutetnents of local tog function involve measurement of the lung at 
M, inspimtion, at Ml expiration, or a. some fixed volume in be^»een with air volurne 
held constant by the spirometer 370. Static measurements otlocal lung function may be 
oWamed by examining attemtation of lung material, shapes of airways, and/or tastogram 

distributions, for example. 

[45] Certain embodiments of the present invention allow local cross-sectional imaging 
and measurement of local lung function through enhanced sweep speed and 
programmability. Tlie speed and flexibihty of the system 300 allow a range of tnggermg 
capabilities and dose choices, for example. Tliat is. image scans may be obtamed at 
various trigger points based on expiration of air from the lungs or on a patient's heartrate 
(EGG trigger) The system 300 scans rapidly enough to obtain localized images of lung 
slices during an inspiration and expiration of breath without undue discomfort to the 
patient. 

146] In operation, cross sectional images may be taken as in a conventional CT or EBT 
system, for example. An area of a patient lung may be selected based on a low-dose 
preview or scout scan of the patient. A fast, low x-ray exposure preview scan may be 
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^ .„ obUin a low resolution W of <he lung. A. ope«.or ^ay selec. a l.ng area to 
scan and measure based on tire preview infomration. lira. U, tire preview scan provrd s 
infonr^tion regarding where «> position ti« patient »,d where «, stop and star, a .can .o 
obtain an image of the desired area. 

,471 lnacer.ainembodimen..ti>epatien,is,«sitionedonhisorherbaelron«,epa«en, 
Utioner 350. Tbe patien, nray be positioned on patien. positioner 35 usnrg 
Lormation ftom the preview scan. In a certain enrbodinrent. tire patient s lung 
sampled in multiple locations selected from Ure preview scan. 

,48, b the EBT system 300 tire election ^ is swept along fl.e target 330 in a 210- 
egree arc surrounding tire patient a. a 90cm r^ius. for example, ^-ys ^ senera|e 
6om tire target rrng 330 and collimated by tire x-ray collimation system 326 ,n. a thm 
beam irradiating a portion of patien*. l-g while tire patien, is portioned on tire 
patient positioner 350, nrex-raystiren impact tire detector nng 340. 

,4,1 Tire DAS 360 generates data based on the characteristics of tire x-rays impacting 
tire detector ring 340. A plurality of x-rays throughout the lung segment allow an m.^ 
of tire lung cross-section to be generated by tire image reconstnrction system 362 an* r 
tire hnage display and manipulation syst™. 364. Prior EBT systems generated .mage daU 

_T,.Hin,.nts generate image data m sweeps lastmg 50ms, 

in 100ms sweeps, ^^cuam vnai. =. . j 

33ms. or less. Hre resulting image(s) depict lung mat«ial and lung charaetensncs and 
may indicate omret of a condition in tire lung, such as emphysema. 
,50, In certain embodinrents, the beam conttol system 320 or otirer processor is used 
witir tire spirometer 370 to measure flow and lung volume as well as to generate a tirgger 
for an imaging sweep. Lung volume is an integral of a volume-time curve o^er ^. 
Flow is a derivative of tire volume-time curve. The nigger ftom ti. spnometer 370 rs 
transmitted to tire beam contiol system 320. Tl,e beam contiol system 320 contiols tire 
leep Of tire election beam based on the spirometer 370 trigger. The DAS 3«^reee,ves 
i„age dau signals from tire detector ring 340 upon x-ray impact. Tlre mrage 
^construction module 362 reconstiucts tire cross-sectiona, images (norma, CT ^havror 
ftom tire image data signals. ^ image «cons«uction system 362 and^or the DAS 36 
™ay measure lung atienuation and extiact tire contours of tire lung. The .mage drsplay 
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and ^ampulaSon .y^ 364 may generate a p.o. of a«enuation versus Un,e. as »eU as 
display the cross-sectional lung images. 

,51, Air napping in *e hngs appears as a black flow densi^) re^on in a oross- 
sec^ona. inrage. Loca. lung taction n,ea»ren,e„« are depic^d as a c«ve of lun 
n«.,ia. a«enua.ion versus toe. Lung fimcdon nreasurenren. fton, *e spnc,n,«er 370 
and cross-secHonal lung images and data ftom fte DAS 360. image recon^c«on sys«m 
362, and/or *e image drsplay and manipuladon sys«m 364 may be combined to mrprove 
patient diagnosis and treatment. 

,5Z, Cunent CT scanners and o*er cross secHonal imaging devices are unable to 
L,uire cross secdonal images of apordon of .he l»,g in lOOms. Lung scans usmg CT 
are Wically obtained wimlungv„.umebelds»adya.aMUnspira.ion or e.p—^ 

a deTned point in between Sucb scans may be impr^se and cause paUen. — ru 
Held for an extended period of time. Al«,ough an entire lu^ may be scanned m less 
,0 seconds with a modem CT scanner or an EBT scanner, such s«ns produce sta.c 
images, not detailed dynamics. Lung ..nction is ^ically measured with the sp^me^ 
370 measuring how much air is exhaled and how &st However, drese stafc methods are 
nseftd When diseases have advanced in the lungs but these static medrods a« not sc.,.™ 
detect early disease, for which intervention (such as wrdr drugs) may be the 
Obtain embodiments of *e present invention provide a system ana 

method for cross-sectiona. imaging of a loca, lung segment as well as measurement 

lung characteristics and function. 

,53, Figure 4 shows a flow diagram for a metW 400 for ,ung function measurement 
L locali^d ,ung imaging in accordance wid, an embodiment of the — 
First at step 405, dre spiromet. 370 is calibrated wid, ^ padent on the pa ent 
positioner 350. In an embodiment, dte spirometer 370 U c^ibrated accordmg to 
manufacture's recommendations tor use of a W spirometer 370. For example, the 
spirometer 370 is caiibrated wid. room temperamre readmgs. 

,54, Nex. a. s.ep 4,0, a scan protocol is seleCed. For example, a user may selec. a 
U of scan to be perfonned on *e CT or EBT scanner. ,„ an embodimen., .he pro.c.o 
ratimedp™.ocolbegimnngwifl>anex.emal«iggerwid,oneormorescansfo..owmga. 



15 



p..„.ed in^rvals. p.0.000. may also Wude a motion specificaHon (or *e paflen. 
positioner 350 to repeat the protocol at set intervals. 

,55, T^en, at step 41 5, a preview scan of a patient is «ecuted to obtain an overview of 
LU-'s.unsdin,e„sio„s.positiona.dtKeme..nacertai„en.l»din,..thepr 

J U a low dose scout scan to identity baste layout o, the lung tn the panent 
^ . the system 300. The preview scan may he a localization or s«ut ^ 
provides a transmission viev, of the patient in .terior/posterior and Uteral dtreCon. fo 
example. Ue preview scan may be used to determine at what point .0 start and stop a 
..^lized lung scan. The preview scan may be used to identify which segment or cross- 
section of the lung to image. 

,56, At step 420. the patient is positioned and an image scan configured based on the 
review information. The preview scan may help position the patient and tire patrem 
os,t,o„er 350 in the system 300. Using the p«view or scout scan mformation. a location 
or locations may be chosen on the patient for a par. of the lung ti, be smdred In ^ 
embodiment, thepatient positioner 350 movestoftedeterminedpo^tionatti>ebeg,nnmg 

of fl,e execution of tt.e selected scan protocol but before the tdgger is requested. 

,57, Next, at step 425, the patient is ins^ucted regarding a lung maneuver (such as full 
. . ;„™«,>.,»ndbreathhold.etc.)toobtainthelungscan. 
inspiration and expiraoou 01 au,u«.F 

The spirometer 370 connection to *e patient may be a tube in^rted ,n fl,e patient 
„„„th or other device designed to capture air from the patient, for example. Th 
spirometer 370 may include a mas. or other casing to he^, ensure that atr .s tiansfen^ 
ftom the patient to d,c spirometer 370 ra*er than to the surround e„_ ^ 
patient is then instructed on how to properly breadt to Mitate the lung shrdy. For 
example, thepatient,s,.tructedtota.einaMbread,oraira„dletoutti.ea.e^mn 

deeply when instructed. Results may be in fltefomt of a vol«ne-time curve. Athreshold 
Jy be set and *e scan protocol may be modified based on the volume-time cun,ed 

obtained. 

,58, Then, a, st^ 430, a localized region of the patient's lung is scamred. The scan 
L be triggered by Imtg volmne data read by the spirometer 370 fiom the parent by an 
opltor, or by a procesaor, for example. Tltat is, a tngger .torn the sptrometer 370 may 
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begta a sea- sequence (ha, in image Ja^. such as CT da«, obuined a. prescribed 

times in the scan sequence. 

1591 A. step 435. image(s) are recon^cted ftom fte local lung scan. Multiple cross 
sectional images may be acquire during a single i„spiration/e>q>iration lung maneuver. 
I„ a certain embodiment, a s^es of cross-sectional images may be obtained over a 
plurality of patient bread, holds. Image(s) are obtained by a sweep of an electron hem. 
over the .Mget ring 330, as described above, in a time span of 50ms. 33ms, or less, for 
sample. In an embodiment. muWple detector rings may b. used «. obuin images over a 
localized region of dre lung during the lung maneuver. The image data obtained ftom the 
beam sweeps tnay taclude an x-ray view in multiple directions. An image *owrng a 
cross-sectional view of the lung region may be reconstructed using conventional CT 
reconstruction techniques, for example. 

|«01 Next, a, step 440. another Imig location is scanned. In embodiment, fte lung may 
be sampled in several positions using the same patient maneuver. Local lung positions 
may be scamted at regular iute^als. such as every 10 cm. Local lung positions may also 
be scamped at positions selected by an operator ftom information such as a location of 
branch points of lung airways, for example. Images are then recons»„cted ftom ti^e data 
obtained, as described above at step 435. 

,611 At step 445, local lung taction data is extracted, to a certain embodiment, lung 
function is measured by the spiH.me.er 370. Lung ftmction may be measured before, 
during, or after an image scan. Tbe spirometer 370 measures the flow of air through the 
tang and may record changes in flow rate and capacity, for example. In an embodmtent, 
lung measurement may be dynamic and record changes in airflow during an image scan 
0, static and measure lung capacity and air flow at ft.ll inspiration and fidl exptration. 
162, In an embodiment, an area of desired pans of dre lung may be extracted ftom the 
obtained images. The local lung area is tiren plotted as a function of time. The plot 
p„vides a volume-time curve for a localized region of dre lung. The area may be dte 
total area of tire lung ftom a particular sequence. Lung lobe boundaries, for example, 
may also be used «> obtain more localized data. In anodter embodiment, density of parts 
of the lung is examined as a ftmctiou of time. For example, at dre end of an expiration of 
air dre density of flte lung should increase (because less air is present). If tire lung rs not 



tetto^g well, ai, may be ttapp^d in some areas (e.g., no. expelled nonnally). w .oh 
would resalt in a density lower ftan nonnal. In an embod,men,, exttaction of lung 
tootion data may «cur at a wotkstation. Images may be transfer«d Som the seam-er to 
the wotkstation tor processing and data extraction. 

,631 Then, at step 450, tang function measurements may be combined with cross- 
section^ image data. In a certain embodiment, graphs deleting lung attenuation versus 
time are pai^ with tang section images showing air napping and anomalies m the lung^ 
AdditionaUy, a histogram characterizing the local lung region may be formed ^ 
associat^l with the regional tang image(s). Lung volume and attenuation may also be 
analyzed in conjunction witi. airway shapes and tang contours, for example. As an 
example, a maximum flow rate (a maximum change of area/time lirom an area-time cu,.e 
tor the lung) tor a particular section of an image may be extracted and plotted as a color 
on, for example, a resting image. 

,641 Finally, at step 455, tang data and image(,) may be output (printed, stored, or 
displayed, for example) for use in patient diagnosis and/or treatment In an embodmtent 
exttacted daU and images are stored to an a^hival medium, pictitre archivmg and 
communication system (PACS), or other storage for later reOieval. 

„ „™i„i„. , natient-s lung, the spirometer 370 is calibrated 

according to equipment specifications. Room temperatine information is used to prov, e 
baselme .eadings for the spirom«er 370. TT-en a flow-time protocol is selected for the 
EBT scamter 300. Tlte patient being imag«i holds a deep breath during a preview scout 
^ executed to p»>vide an overview of the patient's lung. Iben. tite patient .s 
positioned using preview data such that tite patient's lung is sitaated tor one or more 
scans of a tang section of interest. Next, a titbe ftom the spirometer 370 is placed m the 
patient's moutt,. TTte patient inhdes deeply and titen exhales deeply inU> the sp,n>m«er 
mbe. When the spirometer 370 measures a predetennined air flow threshold, such as 0.5 
liter pet second, a scan of a lung section is triggered. 

,661 Multiple 50 ms scans of the lung occur within several seconds to obtain lung 
images. During the first second, 50ms scans are obtained every 100ms. Dunng the 
second second, 50ms scans are executed every 200ms. Then, during seconds 3-6, soms 



18 



a. executed every 500«s. pa«en. is moved or reposihoned to scan different lung 
locations. Alternatively, scans may be 100ms in duration, tor example. 
,671 LocanungimagesarereconstructedftomUtepluralityofscanstoprovidevarious 
cross-sectional images of the lung. The coss-s^onal images may be used and/or s^red 
as two-dimensional images. The cross-sectional images may also be combined mto three- 
dimensional imagc(s). Tbe area of the portion of «te lung scamted in each c^ss-secttonai 
image is determined from the image. T^us. d,e area of a lung pordon a. dtftere^t po,n^ 
in time may be determined from multiple images. Tlte local lung area may be d.splay«l 
or analyzed as a taction of time. Air flow or lung density may al» be det^mei 
Obstructions, defects, or otiter problems with the lung or lung segment may be tdentifled 
ftom an analysis of the images and lung fimction data. 

,68, Thus, certain embodiments of the present invention provide a tast. flexible system 
and method for obtaining lung function measurements and cross-sectional images of lung 
areas Cer^in embodiments use a variety of triggers to provide aAitrary timing between 
imaging sweeps to obtain data while minimizing patient exposure to x-ray radration 
Certain embodiments allow rapid local lung imagmg d«ing patient inspiration an 
expiration, rather than executing an cnti. lung scan. Certain embodiments provtde local 
,„„„ to minimize patient discomfort. Certain embodiments allow local lung 

taiTJo bl used wi* lung taction measurements to improve early diagnosis and 
treatinent of lung diseases and improve upon simply measuring lung air flow wfl, a 
spirometer. 

m While the invention has been described with reference to certain embodiments, it 
will be understood by *ose skiUed in the art that various changes may be made and 
cuivalents may be substimted wifltout departing 6om tire scope of tire invention, to 
addition, many modifications may be made to adapt a particular siti^tion or mat««l « 
the teachings of the invention without departing ftom its scope. Tberefore, ,t rs tntenW 
to. the invention no. be limited to the particular embodiment disclosed, but dmt the 
invention will include all embodiments Ming wito tire scope otflte appended clamrs. 
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